Background: Nurses constitute the most providers of health care systems. Their mental health can affect the quality of services and patients' satisfaction. General Health Questionnaire (GHQ-12) is a general screening tool used to detect mental disorders. Scoring method and determining thresholds for this questionnaire are debatable and the cut-off points can vary from sample to sample. This study was conducted to estimate the prevalence of mental disorders among Iranian nurses using GHQ-12 and also compare Latent Class Analysis (LCA) and K-means clustering with traditional scoring method. Methodology: A cross-sectional study was carried out in Fars and Bushehr provinces of southern Iran in 2014. Participants were 771 Iranian nurses, who filled out the GHQ-12 questionnaire. Traditional scoring method, LCA and K-means were used to estimate the prevalence of mental disorder among Iranian nurses. Cohen's kappa statistic was applied to assess the agreement between the LCA and K-means with traditional scoring method of GHQ-12. Results: The nurses with mental disorder by scoring method, LCA and K-mean were 36.3% (n=280), 32.2% (n=248), and 26.5% (n=204), respectively. LCA and logistic regression revealed that the prevalence of mental disorder in females was significantly higher than males. Conclusion: Mental disorder in nurses was in a medium level compared to other people living in Iran. There was a little difference between prevalence of mental disorder estimated by scoring method, K-means and LCA. According to the advantages of LCA than K-means and different results in scoring method, we suggest LCA for classification of Iranian nurses according to their mental health outcomes using GHQ-12 questionnaire
INTRODUCTION
Mental health, as the first rank in terms of causing disability compared to other diseases, is crucial in human's life (1) . Nevertheless, most of middle and low-income countries devote less than 1% of their health expenditure to mental health programs (2) . About 13% of total global burden of disease in the year 2004 was mental, neurological and substance use disorders (3) . Worldwide, about 450 million people suffer from mental, neurological or behavioral disorders, and nearly one-fifth of people will experience a mental disorder at least once a year (4, 5) . Prevalence of mental disorders in Iran varies from 11.9% to 50.0% (6) (7) (8) .
In recent years, prevalence of mental disorders has been systematically increased in various groups of population (3) . Nurses constitute the most providers of health care system and their mental health can affect the quality of services and patients' satisfaction. Nurses, working in psychiatric and emergency services wards, are especially in great risk of physical aggression and threats (9) . Nursing is the most stressful profession among 130 jobs and ranked 27th among the 130 jobs with high prevalence of mental disorders (10) . Nurses are confronted with a number of sources of stress, such as time pressure, long time work, shift work, sleep problems, visionary with the reality of death and malignant disease, high patients' expectations from nurses, and a low tolerance for error (10, 11 (12) . GHQ-12 consists of 12 items is one of the most well-known instruments that assess the severity of mental problems (minor psychiatric disorders) in the last month (13) .
To determine the cut-off points for the scores of GHQ-12 based on the scoring method is challengeable and can vary according to region, population and time of study (13) (14) (15) (16) . Differences in the choice of cut-off points lead to different and sometimes contradictory results; however, scoring method is still the best and most popular method to detect mental disorder by GHQ-12.
In this study, we used the latent class analysis (LCA) and Kmeans, two competing methods to traditional scoring method, which are based on the nature of the data (e.g. responses to GHQ-12 questionnaire) and do not depend on the cut-off points. In both methods, allocation of objects to classes should be optimal according to some criteria. These criteria usually involve minimizing the within-cluster variation or, equivalently, maximizing the between-cluster variation. To the best of our knowledge, this is the first direct comparison without complicated mathematical details of these models in the applied mental health literature. The first objective of this study was to estimate the prevalence of mental disorders among Iranian nurses according to their mental health outcomes measured by GHQ-12 using three methods. The second objective was to compare LCA and K-means clustering with traditional scoring method.
METHOD

Sampling Method
This cross-sectional study was conducted on nurses working in the hospitals of southern (Fars and Bushehr provinces) Iran, in 2014. Data were collected by means of questionnaires from 771 nurses who were selected through multi-stage cluster sampling. Simulation study shows that the sample sizes with more than 500 individual have enough power to fit LCA (17)702151</custom2></record></Cite></EndNote>. Forty seven hospitals of 20 cities (out of 39) of Fars and Bushehr provinces were selected randomly. Proportional to the number of nurses working in each hospital, they were invited to participate in our study.
Instrument Study
The bimodal GHQ score method (item as 0-0-1-1) was used to score the questionnaires. In Iran, studies have shown that this method is useful (14) . A participant could score between 0 and 12 and score of cut-off point or higher shows the one who might have mental disorder. In Iran, according to region, population and time of study, two cut-off points of 3.7 and 4 are most commonly used for threshold (14, 18) . The reported Cronbach's alpha coefficient for the GHQ-12 in Iran was calculated as 0.87 (14).
Data analysis
Data were analyzed in the following phases: 1) descriptive analysis (mean±SD, and proportions) was performed to examine the distributions of the variables and t-student, analysis of variance and logistic regression was used to compare GHQ-12 score in subgroups and to evaluate independent variables (gender, marital status, education, age and work experience); 2) To cluster mental health level of nurses using traditional scoring method of GHQ-12, LCA and K-means 3) To measure agreement between LCA and K-means with traditional scoring method of GHQ-12.
LCA is another method to classify each nurse into a latent class whose members report similar patterns of responses (GHQ-12). LCA is an analytical method that models the relationship between categorical observed variables and a categorical latent variable (19) . LCA enables investigators to classify individuals into latent classes that are mutually exclusive (i.e. each class is conceptually different from the others) and exhaustive (i.e. all response patterns are accounted for and grouped into a class) (19) . Latent Class Regression (LCR) was used to assess the association between latent class membership and each of the covariates using bivariate models and demographic adjusted models. The LCR is a generalization of the LCA in which a covariate for optimizing latent classes and evaluating the effect of classification is entered into the model. LCR assumes both conditional independence and non-differential measurement; within class, the measured indicators are non correlated with each other, and the covariates do not influence the indicators given class membership, respectively (19) .
K-means was used to cluster the nurses based on mental health level into k (in this study k=2) groups. K-means, a typical partitioned clustering method with minimum required assumptions, is simple and generally very fast. This is a data-driven method that partitions a set of points into clusters and the distance between the members of each cluster is minimized while the distance between the members of different clusters is maximized. The most generally used distance measure is the squared Euclidean distance variables (20) . We used k-means with two classes based on comparability and interpretability.
The agreement between LCA and K-means with traditional scoring method of GHQ-12 was estimated by calculating the percentage of agreement and Cohen's Kappa coefficient. All analyses were performed using SPSS for windows © (SPSS Inc., Chicago, IL) and package poLCA in R software. P-value of less than 0.05 was considered as significant.
RESULTS
The mean±SD of age was estimated as 32.06±6.28 years. The total number of years of work experience among nurses was 7.74±5.79. Over 65% (n=502) of the nurses were women. The majority had at least Bachelors' degree. The mean GHQ-12 score was 3.09±3.20. There were significant differences between nurses' GHQ-12 scores regarding the categorical age and gender (p-value=0.012). Table 1 summarizes the demographic characteristics of participants and descriptive findings. From total number in our sample, 36.3% (n=280) of the nurses scored above 3.7 and 26.6% (n=205) above 4 threshold.
We used LCA with two classes based on Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC) criterion, and interpretability. LCR, logistic regression analysis based on scoring method and k-means clustering indicated that gender was significant among independent variables in predicting mental disorder among nurses. Female nurses had 0.39, 0.56, 0.56 and 0.11 times more probability than men of detecting mental disorder based on scoring method with 3.7, 4 threshold, k-means and LCR, respectively. The results are shown in Table 2 .
The nurses with mental health by scoring method, LCA and K-mean were 36.3% (n=280), 32.2% (n=248), and 26.5% (n=204), respectively. If the cut-off point in scoring method was 3.7, the Cohen's Kappa coefficient between LCA with traditional scoring method (0.902) indicated the perfect agreement and between K-means with traditional scoring (0.774) indicated substantial agreement. With 4 as the cut-off point, there were almost perfect agreement between the clustering methods and traditional scoring method. Table 3 provides more detailed information about it.
DISCUSSION
Mental disorder in nurses will result in decreased quality of health care system. So, estimating the prevalence of mental disorder in nurses leads to some attempts to prevent decreasing the quality of services. In this study, we estimated the prevalence of mental disorders among Iranian nurses using GHQ-12 and we compared LCA and K-means clustering with traditional scoring method.
The results showed that mental disorder in nurses was in the medium level in Iran (6-8, 22, 23) . These results are similar to those reported by Najimi and his colleagues (10) . As compared with the previous research, when the cut-off point in scoring method was 3.7, the prevalence rate in this survey (36.3%) was lower than in Nigeria (40.7%) and England (41%) but higher than those obtained by Tasmania (34%) and Wales (35.0%) surveys (24) (25) (26) (27) .
Several types of regression analysis show that females were more likely than men to have a mental disorder. According to physical and mental structure of women, females have higher rates of psychological distress, depression, and physical morbidity than men. Also, female nurses are affected by uncomfortable circumstances in hospitals. In almost all studies, the effect of gender has been demonstrated on mental health (6-8, 12, 24, 28) . Nursing is a profession that requires a college education. However, its association with mental disorders was not significant in this study. One reason might be that nurses had mostly (91.1%) undergraduate degree. In a similar study on nurses, the level of education affected physical and environmental dimensions with no effect on the mental dimension (29) . In our study, the effects of age, work experience and marital status were not significant and this is a contradictory result in different studies (6-8, 12, 24 In the traditional method, logistic regression should be used after classification if the researcher is interested in studying the effect of independent variables. In LCR, the latent class (classification of nurses according to their mental health outcomes using GHQ-12) and regression components of the model are estimated simultaneously in order to reduce measurement error (30) . Prevalence of mental disorders based on proposed methods vary from 26.5 to 36.3 percent. However, several regression analyses revealed the same results about the relationship between covariates and mental disorder classes.
Using the two cut-off point in scoring method, we achieved different results of prevalence of mental disorders in nurses. But, the used clustering methods are based on the data and do not depend on the thresholds. In other hand, LCA is model-based method can estimate and test the parameters and the number of classes was based on objective criteria. The k-means algorithm is completely non-parametric and does not take advantage of any valid parametric assumptions. Given the limitations of the k-means method such as scale-dependent, lack of goodness of fit indices, dependence on the starting value, clusters must be linearly separable and using the results of previous studies that showed LCA fitting a model better than K-means (31) (32) (33) (34) (35) (36) . According to the above mentioned advantages of the LCA than K-means and different results in scoring method we suggest LCA for classification of Iranian nurses according to their mental health outcomes using GHQ-12 questionnaire. The agreement between LCA and K-means with scoring method was depended the cut-off point. Our result showed that a little difference between prevalence of mental disorder estimated by scoring method, K-means and LCA.
In summary, this study used traditional scoring method, LCA and K-means clustering to estimate the prevalence of mental disorders among Iranian nurses. Agreement LCA and K-means clustering with traditional scoring method were acceptable. However, our results showed that choosing different cut off points could affect the agreement between the LCA and K-means with a scoring method. Statistical basics supported that LCA had a better fit than K-means. Measurement error in LCR was less than traditional method (classify by scoring method and assessment by logistic regression) to evaluate the effect of variables on mental disorder. GHQ scores in our study were higher than adult general population in Iran (8) . One reason could be job stress, shift working, and sleeping disorders among nurses.
